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Abstract 
Citrus fruits, such as orange (Citrus sinensis), grapefruit (Citrus paradisi) and mandarin (Citrus reticulata) are widely 
consumed around the world as fresh fruit, juice and juice concentrate. In fact, a variety of methods is available or has 
been developed for extracting juice from citrus fruits. These technologies affect different parts of the fruit by 
pressure, using a plunger, reamer, or a rotating burr. Technology can affect chemical and sensorial quality of theses 
products. Therefore, juices from mandarin Clementine were obtained using two common squeeze technologies: one 
of them similar to Fruit Machinery Corporation (FMC) and other a Zumex-like squeezer; in order to evaluate changes 
of chemistry and sensory quality. Juices were analyzed by HS-SPME/GC/MS and data analysis was carried to 
identify compounds and relative quantities. A trained sensory panel applying multidimensional approximation 
methodology performed sensory analysis. The chemical flavor profile and sensory analysis of products obtained had 
significant differences. Comparatively, FMC-like squeezer produced a juice with an 11.62% less total volatile 
fraction compared with Zumex juice. The chromatographic profile showed a limonene content in the volatile fraction 
of 96.12%and 65.49% for Zumex and FMC juices, respectively. Other substances such as aldehydes, alcohols and 
sesquiterpenes reported quantitative differences and some compounds were not detected. These chemical flavor 
results were consistent with the report of sensory analysis, which showed enhanced quality descriptors for FMC 
juices. Zumex juice had high score for undesirable flavor descriptors. The analysis established a relationship between 
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1. Introduction 
Citrus juices are one of the most consumed fruit juices because of their combination of desirable flavor, 
appealing colour, and health benefits. The pleasant odour of freshly squeezed orange juice is distinctly 
different from that of many commercial juices found in the marketplace. Differences between juices are 
due to the combined natural and industrial effects: fruit cultivar, maturity index, time-temperature 
conditions used to stabilize the juice, the number of times it has been heated, if the juice has been 
concentrated and if concentrated, how well the volatiles lost during concentration have been restored [1]. 
The sensory quality is of great importance to the consumer and several studies have shown that the citrus 
industrial process can affect chemical and sensorial properties of the juice [2]. The study of the aromatic 
constituents in foods has been a challenge for many researchers over the last years and has allowed the 
opening of a new research field with many possibilities application in the food industry. The concentration 
of a compound in a juice is not necessarily a measure of its sensory impact as it depends on its sensory 
threshold of human detection [3]. In addition, there is also a potential source of variation related to the 
training of the panels. For citrus flavors, there have been proposed impact compounds for some sensorial 
notes: for grapefruit nooklactone and (R) isomer of 1-p-menthene-8-thiol (10-1 ppm) corresponds to the 
pleasant and fresh grapefruit note in the juice, in lemon is citral, a mixture of neral and geranial isomers, 
which together compose the aroma impression. In contrast to other citrus flavors, a single flavor impact 
compound is unknown for orange, and normally it is accepted that orange flavor is the result of a complex 
combination of terpene, aldehyde, ester, and alcohol volatiles in specific proportions [4], [5], [6]. For 
mandarin flavors, methyl-N-anthranilate and thymol are associated with sensorial notes (citrus, sweet, 
fruity, minty), with additional contributions from E-pinene and J-terpinene[6], [7], [8], found that methyl-
N-anthranilate was specific for Clementine mandarins, and contributed to the floral orange blossom 
character. In this study, we determine the effect of different squeeze technology commonly used in 
tropical countries, on chemical and sensorial quality parameters of mandarin Clementine juice, and the 
relationship between HS-SPME and sensory analysis. 
2. Materials and Methods
2.1 Chemicals 
Solvents analytic grade was obtained from Merck (Darmstadt, Germany). A mix of alkanes C7-C40 
was obtained from Supelco (595 North Harrison Road, Bellefonte, PA). Italian mandarin oil (Citrus 
reticulata, Fluka W265713) FCC, Kosher was purchased from Sigma-Aldrich (Milwaukee, Wisconsin, 
USA) and methyl-N-anthranilate obtained from Adrich (Sigma-Aldrich GmbH, Steinheim). 
2.2 Citrus fruits, essential oil and juice extraction 
Fruits (Citrus clementina, Hort. Ex. Tanaka) with commercial maturity index were harvested at 
Támesis, Colombia (5º42'N, 75º 40'W, and 775m above see level) in March 2010. The fruits were selected 
for size and absence of physical damage and randomly divided into three lots of 100 fruit. 
Hydrodistillation of mandarin essential oil was performed by using general method from United States 
Pharmacopoeia (561! USP 30 NF25). The fruits were squeezed using two technologies: (A) like 
Zumex® and (B) like FMC®. After squeezed, juices were refrigerated until analysis. 
2.3 HS-SPME analysis 
The juices were subjected to headspace solid phase microextraction analysis (HS-SPME) using the 
fiber divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS, Supelco, North Harrison, USA). 
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The fiber was conditioned in a GC injection port. The samples were added into a 15 mL headspace vial in 
equal ratio (1/1). Extraction time and temperature extraction were fixed at 3 h and 40 ºC and 100 μL of 
NaCl saturated solution were employed for salting-out effect and at constant agitation speed (800 rpm). 
After sampling, SPME fiber was inserted into the GC injector at 260 °C for desorption of volatile 
components (1 min). The essential oil was injected using an automatic liquid sampler and allowing same 
GC/MSD conditions. All experiments were done for three times and the results are mean of them. 
2.4 GC/MS parameters and component identification 
The volatile compounds were analysed by a Agilent 7890 GC/MS (Wilmington, Delaware, USA) 
equipped with mass selective detector (MSD) 5975C, and two capillary columns: HP-1MS and HP-5MS 
(30 m, 0.25 mm i.d., film thickness 0.25 Pm, J	W Scientific, USA). The oven was programmed from 40 
ºC (8 min) to 200 ºC at 5 ºC/min and then stand isothermally at 200 ºC for 10 min. Injector temperature 
was established on 260 ºC, manual HS-SPME was performed in the split mode(150:1 with a SPME inlet 
liner, 0.75 mm, Agilent Technologies), using helium as carrier gas (1.3 mL/min). The MSD temperatures 
of the ionization chamber and MS Quad were set at 230 and 150ºC, respectively. Mass spectra were 
obtained by automatic scanning at 4.51 scansí1 with energy ionization 70 eV, in the mass range m/z 40–
350. Chromatographic peaks were checked for their homogeneity to optimize resolution and peaks 
symmetry. Identification of the components was based: (a) on the comparison of their GC retention index 
(RI) on non-polar and polar columns with a series of n-alkanes (C8–C28) by linear interpolation. To 
calculate RI we used Automatic Mass Spectral Decomvolution and Identification System software 
(AMDIS 2.68), with database (http://www.pherobase.com/database/kovats/kovats-index.php); and (b) on 
computer matching with mass spectral libraries (NIST/EPA/NIH, 2008). 
2.5 Sensory evaluation 
Sessions were established for tasting evaluation of mandarin juice by a trained sensory panel. The 
judges, eight women of ages between 25 and 50 year-old, were trained for 5 months before evaluation for 
their familiarity with citrus flavours. All sensory evaluations were conducted in individual booths under 
white illumination at 25±2 ºC and 50-75% HR and continuous airflow. Mineral water was used as palate 
cleanser between samples. Laboratory is certified in the Colombian Technical Standard (NTC 3884) that 
corresponds to an equivalent of ISO 8589 for sensory analysis/general guidance for design of test rooms. 
The most important descriptors for the sensorial notes of citrus juice were identified and choose to 
establish a sensorial profileby multidimensional approximation, based on the Colombian Technical 
Standards 3925, 3501 and 3932. All descriptors were score on a 6-point category scale (0 = none and 5 = 
strong); except for general quality, witch was score on a 3-point category scale (1 = low and 3 = high). 
For each treatment three samples were evaluated, and three replicates for each treatment. 
3. Results and Discussion 
All volatile compounds find for both squeezing technologies, have been previously reported for citrus 
[9], [10], [11], nevertheless, striking differences were observed in volatiles recovered from juice squeezed 
with technology A and B (Figure 1). HS-SPME/GC/MS analysis led to the identification of 61 
representative compounds that represented 99.522% of the total volatile compounds for juice squeezed 
with technology (A) and 99.01 % for juice from technology (B) (Table 1). In a comparison of the juice 
from a range of mandarin varieties, [12] were able to identify 42 volatile constituents [12]. For both 
technologies (A and B, respectively), the principal volatile components were monoterpenes: cyclics 
(97.41–88.76%) and noncyclics (1.19-6.95%), non-terpenic compounds (0.61–2.71%) and sesquiterpenes 
(0.29–0.59%). The limonene content in the volatile fraction was 97.51%and 65.49% for technology A and 
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B, respectively. Other substances such as aldehydes, alcohols and sesquiterpenes reported quantitative 
differences, and additionally some compounds were not detected. [13], comparing fresh and reconstituted 
orange juices by HS-SPME GC-MS analysis, observed a higher concentration of aldehydes and esters on 
fresh orange juice. The analysis of the juice chromatograms reveals a composition on terms of most active 
compound for mandarins (decanal, octanal, methyl-N-anthranilate, thymol, Į-sinensal, Ȗ-terpinene, ȕ-
pinene), as previously reported by other authors [8], [7]. 
Fig. 1. Total ion chromatograms from A. mandarin Clementine essential oil; B. and C. juice squeezed with technology (A) and (B) 
respectively, on HP5 column. One of the three replicate runs, which were virtually identical, is presented. Peak numbering 
corresponds with Table 1 
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For both juices, it is importance to notice that, methyl-N-anthranilate was not present and thymol was 
less than 0.001%, key flavour-active compounds in mandarin juices [4], [8], [14]. Additionally, the methyl-
N-anthranilate was not present either in the essential oil. A sample of this substance was injected in GC 
and its Kovats index was measured to assure its identity and presence in the samples. It is not possible to 
say whether this was a result of differences related with grow conditions in the tropic, time of season, 
metabolic alterations, or some other factors [15], [16]. Figure 2 show global scores for each descriptors. 
The juice from technology B presented a good sensory quality, showing quality descriptors like colour 
(4.3/3.9), citrus odor (4.2/3.9), natural flavor (4.6/4.4) and cellular texture (2.6/2.1) higher than 
technology A. This technology juice had high score for undesirable flavor descriptors like acid (3.4/3.1), 
bitter (2.7/1.6), citrus peel (4.1/3.0), green (2.4/1.6) and spicy (2.6/1.5). 
Table 1. Volatile flavor compounds and sensory descriptors in mandarin Clementine juices squeezed with technology (A) and (B), 
using liquid injection and HS-SPME/GC/EIMS. Relative peak area (%) ± SD (n = 6) 




1 Tricyclene 899 923 0.008 ± 0.000 0.001 ± 0.000 Floral 
2 Į-Thujene 924 932 0.145 ± 0.010 0.052 ± 0.000 Herbal, woody 
3 1R-Į-Pinene 932 937 1.213± 0.010 9.645 ± 0.070 Harsh, terpene-like,  
4 Camphene 962 952 0.005 ± 0.000 0.001 ± 0.000 Camphoraceous, mild-oily 
5 Sabinene 967 978 0.168 ± 0.041 5.539 ± 0.059 Warm, oily-peppery 
6 ȕ-Pinene 973 980 Nc 7.113 ± 0.238 Dry-woody, pine-like, spicy 
7 n-Octanal 977 986 0.308 ± 0.007 1.328 ± 0.007 Citrus, Fatty 
8 ȕ-Myrcene 982 992 0.797 ± 0.017 5.954 ± 0.098 Mild, sweet 
9 Į-Phellandrene 995 1005 0.012 ± 0.000 1.090 ± 0.028 Terpene-like, fresh citrus 
10 ¨3-Carene 1000 1008 0.030 ± 0.000 0.265 ± 0.036 Limonene-like, spicy 
11 Į-Terpinene 1011 1021 0.019 ± 0.000 0.065 ± 0.010 Refreshing, lemon-citrus. 
12 p-Cymene 1013 1030 0.051 ± 0.002 0.001 ± 0.000 Weak citrus-like, lemon 
13 (R)-(+)-Limonene 1026 1032 97.508 ± 0.033 65.491± 0.127 Fresh citrus 
14 ȕ-Phellandrene 1028 1032 Nc 0.005 ± 0.000 Peppery, minty 
15 cis-ȕ-Ocimene 1029 1039 0.008 ± 0.001 0.092 ± 0.004 Warm herbaceous 
16 trans-ȕ-Ocimene 1035 1049 Nc 0.006 ± 0.000 Herbaceous, weak floral 
17 Ȗ-Terpinene 1052 1064 0.039 ± 0.004 0.172 ± 0.015 Fresh-herbaceous, citrus 
18 trans-Sabinene hydrate 1053 1069 Nc Nc Warm, balsamic-woody 
19 p-Mentha-3,8-diene 1064 1076 Nc Nc Lemon-like 
20 Į-Terpinolene 1080 1088 0.012 ± 0.000 0.115 ± 0.010 Sweet-piney 
21 ȕ-Linalool 1082 1099 0.392 ± 0.005 0.889 ± 0.084 Floral, woody lavender 
22 cis-Sabinene hydrate 1088 1100 0.005 ± 0.000 0.001 ± 0.000 Mild, woody-balsamic 
23 Į-Campholenal 1111 1130 Nc Nc Herbal 
24 trans-Limonene oxide 1121 1139 Nc 0.001 ± 0.000 Musty and woody 
25 Camphene hydrate 1131 1149 Nc 0.001 ± 0.000 Menthol musty camphor 
26 Citronellal 1133 1152 Nc Nc Fresh, herbaceous-citrusy 
27 Pinene oxide 1138 1156 Nc 0.001 ± 0.000 Pine 
28 Phellandral 1151 1159 Nc 0.001 ± 0.000 Flower, Rice, Licorices 
29 Thujan-4-ol 1159 1165 Nc 0.001 ± 0.000 Spicy 
30 L-4-Terpineol 1168 1178 0.045 ± 0.007 0.144 ± 0.000 Musty, dusty, spicy 
31 L-Į-Terpineol 1179 1190 0.024 ± 0.002 0.047 ± 0.002 Coniferous and cold piper 
32 phellandrene epoxide 1182 1191 Nc 0.001 ± 0.000 Slightly spicy 
33 cis-Piperitol 1185 1193 Nc 0.001 ± 0.000 Herbal 
34 Myrtenol 1176 1194 Nc Nc Minty, green medicinal 
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35 Methyl salicylate 1180 1200 Nc Nd Odor of wintergreen oil 
36 n-Decanal 1183 1205 0.287 ± 0.003 1.376 ± 0.000 Green, fresh 
37 trans-Piperitol 1103 1210 Nc Nc Herbal 
38 Citronellol 1203 1224 Nc 0.001 ± 0.000 Floral odor like clean rose 
39 Carvone 1220 1242 0.015 ± 0.001 Nd Caraway and spearmint-like 
40 iPr-Benzenemethanol 1250 1272 Nd 0.001 ± 0.000 Spicy 
41 L-Perillaldehide 1255 1277 0.014 ± 0.000 Nd Fresh, fatty mint cherry 
42 Thymol 1282 1290 Nc Nc Fruity, sweet, minty 
43 Į-Cubebene 1330 1351 0.006 ± 0.000 0.021 ± 0.000 Spicy, herbal 
44 Į-Copaene 1354 1376 0.011 ± 0.001 0.533 ± 0.010 Hops-like, woody 
45 beta-Cubebene 1374 1390 0.003 ± 0.000 Nd Herbal, woody 
46 methyl-N-anthranilate 1385 1396 Nd Nd Citrus, sweet 
47 Dodecanal 1391 1410 0.021 ± 0.001 Nd Sweet, herbal, waxy, floral 
48 Į-cis-Bergamotene 1394 1415 Nc 0.001 ± 0.015 Woody warm tea 
49 trans-Caryophyllene 1402 1420 0.002 ± 0.000 0.035 ± 0.000 Mild, Woody 
50 Į-trans-Bergamotene 1417 1436 0.008 ± 0.000 Nc Weak, woody 
51 cis-alpha-Bisabolene 1419 1438 0.008 ± 0.000 Nd Balsamic, spicy 
52 Į-Caryophyllene 1439 1460 0.003 ± 0.000 Nd Woody spicy earthy 
53 Germacrene D 1463 1482 0.011 ± 0.000 Nd Apple, dry woody 
54 ǻ-Guaiene 1471 1490 Nc Nd Sweet, Woody, spicy 
55 ȕ-Ionone 1475 1494 Nc 0.001 ± 0.000 Violet,  berry-like 
56 Į-Muurolene 1479 1501 0.001 ± 0.000 Nd Woody 
57 ǹ-Farnecene 1492 1511 0.011 ± 0.000 Nd Mild, warm, sweet 
58 į-Cadinene 1513 1532 0.025 ± 0.002 0.001 ± 0.000 Dry-woody, weak medicinal 
59 trans-Nerolidol 1543 1564 Nc 0.001 ± 0.000 Woody-floral, weak green 
60 ȕ-Sinensal 1673 1697 Nc 0.002 ± 0.000 Metallic, green, sweaty 
61 Į-Sinensal 1726 1750 Nc 0.002 ± 0.000 Metallic, green, sweaty 
1P (Peak), Numbering of signals in the chromatograms. 
2 Relative retention index (Kovats retention index) of compounds in I (HP1) and II (HP5) capillary columns. 
3Relative percentages of compounds in the juice samples analyzed. 
4Flavor descriptors established by others authors with means GC/MS olfactometry. 
Nd: Not detected; Nc: Not quantified (concentration 0.001%) 
 
Chemical and quantitative results are related to the descriptors and scores assigned by the judges. 
They described a feeling irritating when they tasted the juice (A); which is related with the total response 
of chromatographic areas for each sample using Headspace analysis. The juice (A) presented a higher 
presence of compounds related with notes of spicy, oily and green. Nevertheless, we must have present 
that is the balance of all volatile compounds in the fruit aroma that determine the final sensorial 
appreciation of this like “fresh” or desirable. Furthermore, we observed that juice (A) had a high content 
of essential oil (head-space ratio between (A) and (B) was approx 9:1), which might explain the sharp and 
negative response of the judges. According to [17], the essential oil of orange peel contains high levels of 
limonene and a high peel oil level could contribute to a bitter flavour. Also, some authors considered that 
a high Į-pinene content in juice [13], could reflect addition of amounts of peel oil by processors, although 
this seems not to be totally clear, because for some authors this compound has a pine-like, citrusy odor, 
and has been reported to contribute to orange [18], [9] and mandarin flavour [8], [7]. 
Both results, chemical and sensorial analysis, agree that the technology applied for produce juice can 
influence additional quality-related volatiles in citrus, like previously reported for different processes in 
citrus industry (storage, packaging, waxing, thermal processing and others) [20], [21], [22], [2], [16], [11], 
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[23], [5], [13] find that the volatile composition of the orange juices was influenced by the type of 
processing and also by the type of packaging [23], also find an effect of wax coatings and postharvest 







Fig. 2.Sensory analysis made by multidimensional approximation for mandarin Clementine juice squeezed with technology (A) and 
(B) 
4. Conclusion 
Both mandarin Clementine juice (technology A and B) had low levels of active compounds like thymol, 
and absence of methyl-N-methylanthranilate, key aroma compounds in mandarin juices. Nevertheless, the 
quantitative proportion of components can assure a good sensory score for juices, even when the squeeze 
technology allow the transfer of a low content of essential oil to the juice. Comparatively, the technology 
B presented a very low volatile fraction in headspace; witch was reflected in the organoleptic quality of 
this product, given by both quantity and sensory perception of different flavor descriptors. There are 
important chemical and sensory quality differences between squeezing technologies, and there is a 
relationship between chemical HS-SPME/GC and sensorial analysis. This study suggests that the type of 
industrial process for produce juice affects the final flavour quality of the product, what is crucial to 
decide which technology applies. 
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